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-2-There appears to be good evidence for s-channel helicity conservation in yp + pop(1 and Trp + Trp(2 at high s and fixed t.
Gilman, Pumplin, Schwimmer and Stodolsky have conjectured that this (3) is true for all diffraction (Pomeranchuk exchange) processes. More recently, Harari and Zarmi have argued, in the case of p + wp, (4) that if the Pomeranchuk is dual to the s-channel background(5), then the diffractive part of the amplitude conserves helicity even in the resonance region. What is the distinguishing characteristic of diffraction scattering that is responsible for this regularity?
Consider p + p in the limit in which the particle masses are trajectories. To be precise, let us make the following hypothesis:
The s-channel helicity amplitudes for diffraction scattering are independent of the scale of the hadronic mass spectrum. If all hadrons lie on linear trajectories with universal slope, a', then the mass scale is 1 (a')-2. Certain helicity amplitudes must be zero if they are to be independent of a'; they are the ones that vanish in the zero mass limit (a' + -).
Using this prescription we obtain s-channel helicity conservation for the diffractive part of:
(ii) p°, w (7), 0 photoproduction (8)'.and
in agreement with Gilman et al.
--Our proposal is not equivalent to helicity conservation, however.
In the case of NN(NA) scattering, only F ; (F _; _) can be nonzero.
That is, massless nucleons must have the same chirality (phase under 75)' because they are related by isospin and Lorentz transformations, which commute with Ys.
Another important difference occurs in ep + epp'. The p' should be transversely polarized isin2 8 distribution of the decay pions in (9) / the helicity frame) because massless, longitudinal vector mesons do not exist. Helicity conservation does not require this. In highly inelastic electron-proton scattering we predict that aL/aT + 0 at high v and fixed q2. This is consistent with present data. (10) f \. (q') + Al(k).
One might naively assume that F = 0, because a massless particle must have maximal helicity. Let us check this explicitly. The general invariant amplitude is
where
In the zero mass limit, Why do we state our hypothesis in terms of s-channel rather than t-channel helicity amplitudes? Surely, they are not equivalent. If
Fs{x}(s,t) are scale independent, then (s,t) are not, because the helicity crossing matrix depends on the external masses. For instance, has shown it to be consistent with unitarity, provided the contribution from nondiffractive channels is small. This prerequisite has a more direct interpretation in terms of scale independence. The simplest way for the Pomeranchuk part of to be scale independent, is for it tot to be the shadow of the diffraction processes only. In other words, a constant fraction of c is not built up by more and more nondiffractive tot channels openning up with increasing energy. That diffraction processes (15) dominate at high energy is plausible but difficult to verify.
Scale independence should not be confused with scale or conformal invariance. When s, t, and u are large compared with the external masses, one can argue that the scattering amplitude may be invariant under the conformal group. This leads to the same helicity selection rule as ours. (16) But empirically the rule seems to be valid even near t = 0, where conformal invariance does not apply. The considerations in this paper were designed to circumvent this difficulty. Scale independence corresponds to a particular form of broken conformal invariance, in which the scale breaking in the diffraction amplitude is different from the breaking 1 -: that gives the hadrons their mass. In fact, this feature may be the
only remnant of an underlying conformal symmetry in hadronic processes.
The optical nature of diffraction scattering has long been recognized. In models of the Yang type, the slope of the diffraction peak (17) is related to the geometric radii of the colliding hadrons, as determined The separate dualism of Pomeranchuk-background and Regge- (5) resonances , among other considerations, lead Harari to suggest (18) . (19) that scattering amplitudes may be composed of two independent parts: a geometrical-background-Pomeranchuk part and a dynamical-resonance-Regge part. Our proposal is to take the notion literally in the sense that diffraction scattering is the same no matter what the slope of the ordinary Regge trajectories. The consequence is a helicity selection rule, which so far agrees with experiment. A testable prediction is that electroproduced p"s should be transversely polarized at high energy. Although one can contrive other interpretations of the extant data (such as, optical models, quark spin conservation, etc.), the virtue of our approach is that it deals only with direct observables. / ,\
